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We claim: 



Claims 



ills 



\ A batch or continuous process for the polymerization of olefins, 
composing contacting one or more monomers selected from compounds of 
the formula RCH=CHR 1 with a Group 8-10 transition metal complex of a 
ligand if the formula VI, XII, IX, XIII, XIV, XV, or XXII and optionally a 
Bronsteffl or Lewis acid, 
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wherein R and RWe independently H, hydrocarbyl, fluoroalkyL or R 
and R 1 may be linked to term a cyclic olefin; 

R 3 is hydrocarbyl o\ substituted hydrocarbyl; 
R 4 is H, hydrocarbyl\substituted hydrocarbyl, or silyl, 
R s is hydrocarbyl or substituted hydrocarbyl; 
Z is 0 or S; 
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J is -OR 10 -SR 10 , -SeR 10 or -NR 10 R 8 , wherein R 10 and R 8 are each 
independently selected from H, hydrocarbyl, substituted hydrocarbyl, or 
silyl, and|n addition R 10 and R 8 may collectively form a ring with nitrogen; 

G 1 ^s hydrocarbyl or substituted hydrocarbyl and may comprise a 
carbocyclic or heterocyclic ring, thereby forming a 5-membered or 6- 
memberedlheterocyclic ring comprising G 1 , C, and N; 

G 2 id hydrocarbyl or substituted hydrocarbyl and may comprise a 
carbocycliclor heterocyclic ring, thereby forming a 5-membered or 6- 
membered ftieterocyclic ring comprising G 2 , V, N, and N; 

V is -fcR 6 , N, or -PR 6 R 9 ; wherein, R 6 and R 9 are each independently 
selected fronVi H, hydrocarbyl, substituted hydrocarbyl, silyl or heteroatom 
connected hidrocarbyl, and in addition, R 6 and R 9 may collectively form a 
ring with phoiphorus; 

Q is hyfclrocarbyl or substituted hydrocarbyl; and, 
n is an Integer between 2 and 6. 

- 2. The profcess of claim 1 wherein the monomer of the formula 
RCH=CHR' is Selected from ethylene, propylene, 1-butene, 1-hexene, and 
1-octene. 



3. The process of claim 1 wherein the group 8-10 transition metal is 
nickel. 



4. The process of claim 3 wherein a Lewis acid is used, and said Lewis 
acid is methylalurrlinoxane. 
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5.1 The process of claim 4 wherein the ligand of formula VI is selected 
from: 



R— N 



R— N 




wherein R 3 is Aydrocarbyl or substituted hydrocarbyl; 
R 4 is H, hydrocarbyl, substituted hydrocarbyl, or silyl; 
R 5 , R 6 and R 11 dfe independently H, hydrocarbyl, or substituted 
hydrocarbyl; 

R 7 is H, hydrocartfyl, substituted hydrocarbyl, or N0 2 . 

6. The process of clair\ 5 wherein the ligand of formula VI is selected 
from: 



R 3 — N 



R — N 
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wtWein R 3 is hydrocarbyl or substituted hydrocarbyl; 
R 4 is H, hjydrocarbyl, substituted hydrocarbyl, or silyl; and, 
R 5 and RY are independently H, hydrocarbyl, or substituted hydrocarbyl. 

7. Tha process of claim 6 wherein the ligand of formula VI is 



8. The process of claim 4 wherein the ligand of formula XII is selected 
from: 




R— N 
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|erein R 3 is hydrocarbyl or substituted hydrocarbyl; 
U is -OR 10 , -SR 10 -SeR 10 or -NR 10 R 8 , wherein R 10 and R 8 are each 
independently selected from H, hydrocarbyl, substituted hydrocarbyl, or 
silyl, and ih addition R 10 and R 8 may collectively form a ring with nitrogen; 

R 5 , l^ 6 and R 11 are independently H, hydrocarbyl, or substituted 
hydrocarbyl 

R 7 isH, hydrocarbyl, substituted hydrocarbyl, or-N0 2 . 



10 



9. The process of claim 8 wherein the ligand of formula XII is selected 
from: 



: 3 — A W 



and 



15 



wherein R1 is hydrocarbyl or substituted hydrocarbyl; 

U is -OR 10 ,lsR 10 -SeR 10 or -NR 10 R 8 , wherein R 10 and R 8 are each 
independently selected from H, hydrocarbyl, substituted hydrocarbyl, or 
silyl, and in additiort R 10 and R 8 may collectively form a ring with nitrogen; 

R 5 and R 11 a|e independently H, hydrocarbyl, or substituted 
hydrocarbyl. 



20 



25 
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15. The process of claim 4 wherein the ligand of formula IX is selected 



from: 
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wherefo R 3 is hydrocarbyl or substituted hydrocarbyl; 

R 11 is rWdrocarbyl, or substituted hydrocarbyl; 

U is -Ofc 10 -SR 10 , -SeR 10 or -NR 10 R 8 , wherein R 10 and R 8 are each 
independently selected from H, hydrocarbyl, substituted hydrocarbyl, or 
silyl, and in addition R 10 and R 8 may collectively form a ring with nitrogen; 



and 



Z is oxygenW sulfur. 



1 1 . The processlpf claim 4 wherein the ligand is of formula XXII and _Q 
is selected from 
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1Z The process of claim 11 wherein the ligand of formula XXII is 
selected from 

\ 
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whereiVi, R 3 is 2,6-disubstituted phenyl. 



1 3. A process for the polymerization of olefins comprising contacting 
one or more monomers of the formula RCH=CHR 1 with a binucleating or 
multinucleating litoand complexed to a Group 8-10 transition metal M and 
one or more Lewi* acids, wherein the Lewis acid or acids are bound to one 
or more heteroatoilis which are ^-conjugated to the donor atom or atoms 
bound to the transition metal M; and R and R 1 are each, independently 
selected from hydrojgen, hydrocarbyl, fluoroalkyl, or may be linked to form a 
cyclic olefin. 

14. The process oV Claim 13 wherein the transition metal M is nickel. 

15. The process of (fclaim 14 wherein the Lewis acid is a boron or 
aluminum containing Lewis acid. 



1 6. The process of claity 4 wherein the polymerization is conducted in 
an inert solvent. 



\ 
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17 The process of claim 5, 8, 10 or 11 wherein the polymerization 
conducted in an inert solvent. 



is 



18. The process of claim 4 wherein the transition metal olefin 
5 polymerisation catalyst system is attached to a solid support. 

19. The, ; process of claim 5, 8, 10, or 11 wherein the transition metal 
olefin polymerization catalyst system is attached to a solid support. 

0 20. The fcrocess of claim 1 8 wherein the polymerization is conducted in 

an inert solvent. 



15 



21 . The process of claim 19 wherein the polymerization is conducted 
an inert solvent. 



in 



22. The process of claim 18 wherein the polymerization is conducted in 
the gas phase. 



23. The process ^ claim 19 wherein the polymerization is conducted 
20 the gas phase. 
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in 



24. An olefinpolymerization catalst comprising (a) a Group 8-10 
transition metal, (b\a ligand of the for mila VI, XII, IX, XIII, XIV, XV, or XXII 
and optionally (c) a Bharisted or Lewis . 
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wherein R 3 is hydro 
R 4 is H, hydrocarby 
R 5 is hydrocarbyl or 
Z is O or S; 
U is -OR 10 , -SR 10 



:arbyl onsubstituted hydrocarbyl; 
, substituted hydrocarbyl, orsilyl; 
substituted Hydrocarbyl; 



SeR 10 or -NR 10 R a Wrein R 10 and R 8 are each 
independently selected frcL H, hydrocarbyl, substituted hydrocarbyl or 
silyl, and in addition R 1 ° a id R 8 may collectivelyVrm a ring with nitrogen; 

G 1 is hydrocarbyl o ■ substituted hydrocarbykand may comprise a 
carbocyclic or heterocyclic ring, thereby forming a sWmbered or 6- 
membered heterocyclic ring comprising G 1 , C, and N; 

substituted hydrocarbyl and ntey comprise a 
ring, thereby forming a 5-memb\red or 6- 
membered heterocyclic rirb comprising G 2 V : N, and N; 



G 2 is hydrocarbyl o 
carbocyclic or heterocyclic 
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V is -CR 6 , N, or -PR 6 R 9 ; wljerein, R 6 and R 9 are each independently 
selected from H, hydrocarbyl, substituted hydrocarbyl, silyl or heteroatom 
connected hydrocarbyl, and in addition, R 6 and R 9 may collectively form a 
ring w»|h phosphorus; 

Js hydrocarbyl or substifuted hydrocarbyl; and, 
n rte an integer between 2/and 6. 



25. The catalyst of claim 24fo/herein the Group 8-10 transition metal 



is 



Ni. 



26. The catalysXof claim 25 wherein a Lewis acid is used, and said 
Lewis acid is methyla\uminoxahe. 



27. The catalyst of cla^m 26 wherein the ligand of formula VI is selected 
from: 
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wherein R 3 is hydrocarbyl or substituted hydrocarbyl; 

H ' hydrocarby1, sub | tituted hydrocarbyl, or silyl; 
R 5 ,V? 6 and r11 are independently H, hydrocarbyl, or substituted 
hydrocarby\ 

R 7 is IM, hydrocarbyl, substituted hydrocarbyl, or N0 2 



28. The cata\vst of claim 27/ wherein the ligand of formula VI is selected 



from: 



R 



11 



and 



R — N 



vl N= 



R 



wherein R 3 is nydrocybV or substituted hydrocarbyl; 
R is H, hydrocarbyl, substituted hydrocarbyl, or silyl; and, 
R 5 and R 11 are indeplr 



hydrocarbyl. 



Ar^ 



Ar — N 



-N 



ndentl\ H, hydrocarbyl, or substituted 



29. The catalyst of clairr 28 wherein thV ligand of formula VI is 



N 



wherein Ar 1 is 2.6-dinjiethylphenyl or 2,6-diisop\pylphenyl; and : 
Ar 2 is phenyl or 1-nadhthyl. 



30. The catalyst of claim k wherein the ligand of formula^!! is selected 



from: 
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wherein R 3 is hydrocaijBwl or substituted hydrocarbyl; 

U is -OR 10 , -SR 10 , -SejAr -NR 10 R 8 , wherein R 10 and R 8 are each 
independently selected from H, hydrocarbyl, substituted hydrocarbyl, or 
silyl, and in addition R 10 and R 8 may\collectively form a ring with nitrogen; ' 

R 5 , R 6 and R 11 are indjependen\[y H, hydrocarbyl, or substituted 
hydrocarbyl; J 

R 7 is H, hydrocarbyl, substituted hWocarbyl, or-N0 2 . 



31 . The catalyst of claim 30 wherein the litaand of formula XII is selected 



from: 
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wherein R 3 is hydrocarbylor substituted hydrocarbyl 
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U is -OR 10 , -SR 10 , -SeR 10 6r -NR 10 R 8 , wherein R 10 and R 8 are each 
independently selected from H, r|drocarbyl, substituted hydrocarbyi, or 
silyl, andyn addition R 10 and R 8 Aay collectively form a ring with nitrogen; 

R 5 Vid R 11 are independently H, hydrocarbyi, or substituted 
hydrocarby\ 



32. The ca\alyst of claim 2p wherein the ligand of formula IX is selected 



from: 



R— N N- 



U /=x 

to 
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wherein R 3 is hydrocarbyi V substituted hydrocarbyi; 

R 11 is hydrocarbyi or substituted hydrocarbyi; 

U is -OR 10 , -SR 10 , -SeR 10 or -\r 10 R 8 wherein R 10 and R 8 are each 
independently selected from k, hydrocWl, substituted hydrocarbyi, or 
silyl, and in addition R 10 and R 8 may collectively form a ring with nitrogen; 



and 



Z is oxygen or sulfur. 



33. The catalyst of claim 26[wherein the liga\d is of formula XXII and fi 
is selected from: 




wherein, R 3 is 2,6-disubstltuted phenyl. 
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35. A composition comprising (a) a group 8-10 transition metal M, (b) 
pne or more Lewis acids, f r)d (c) a binucleating or multinucleating ligand o 
tne formula VI 



R 



// 



N 



R — N N=V 
VI 

whereta the Lewis acid or acids are bound to one or more 
heteroatoms wr\|ch are n-conjugated to the donor atoms bound to the 
transition metal 

R 3 is hydroca\by| or substituted hydrocarbyl; 
R 4 is H, hydrocafibJAeubstituted hydrocarbyl, or silyl; 
G 2 is hydrocarbJ\orsubstituted hydrocarbyl and may comprise a 
slio. ring, thereby forming a 5-membered or 6- 



carbocyclic or heterocy 
membered heterocyclic 
V is -CR 6 , N, or 



rincXcomprising G 2 , V, N and N; 



fPR RV wherein, R 6 and R 9 are each independently 
arbyl, substituted hydrocarbyl, silyl or heteroatom 
, , and in addition, R 6 and R 9 may collectively form a 

ring with phosphorus 



36. The composition of claim 35 wh\rein the transition metal M is Ni 



and the Lewis acid is £ 



(II), 



boron or aluminurta containing acid. 



37. The composition of claim 36 wherein\e compound of formula VI is 
selected from: 
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wherein the Lewis Mid dr acids are bound to one or more 
heteroatoms which are\/conjugated to the donor atom or atoms bound to 



the transition metal M; 

)3 



R is hydrocarbyl or sub stituted hydrocarbyl; 
R is H, hydrocarbyl, substituted hydrocarbyl, or silyl; 
R 5 and R 6 are independently H, hydrocarbyl, or substituted 
hydrocarbyl; 

R 7 is H, hydrocarbyl, substituted hydrocarbyl, or-N0 2 . 
38. The composition of clailn 37 whefein the ligand of formula VI 



R- — N 



is 




N 



N 



wherein R 3 is hydrocarbyl or substituted hydrdfcarbyl; and, 
R 4 is H, hydrocarbyl, substituted hydrocarbyl, o\ilyl. 
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39. \he composition of cljbim 38 wherein the ligand of formula VI is 



Ar 1 - 



wherein Ar 1 2,6-dimethylphenyl or2,6-diisopropylphenyl; and, 
Ar 2 is phenyl oM-naphthyl. 

40. The catalyst of claiNa 24 wherein the catalyst is attached to a solid 



support. 

41. The catalyst of clairji 
support. 



27 wherein the catalyst is attached to a solid 



42. The catalyst of claim 30 wherein th\ catalyst is attached to a solid 
support. 

43. The catalyst of claim 32 wherein the catalyst is attached to a solid 
support. 



44. The catalyst of clajn 33 wherein the catalyst is attached to a solid 
support. \ 



